A benchmark-multi-disciplinary study of the interaction between the Chesapeake Bay and adjacent waters of the Virginian Sea by Hargis, W. J., Jr.
A BENCHMARK MULTI-DISCIPLINARY STUDY OF THE INTERACTION 
BETWEEN THE CHESAPEAKE BAY AND ADJACENT WATERS 
OF THE V I R G I N I A N  SEA 
William J. Harg i s  , Jr. 
V i r g i n i a  I n s t i t u t e ' o f  M a r i n e  S c i e n c e  
Co l l ege  o f  William and Mary 
E s t u a r i e s  a re  b y  d e f i n i t i o n  c o a s t a l  b o d i e s  o f  water empty ing  in to  the  
seas o r  o c e a n s  o f  t h e  w o r l d  t h r o u g h  s e m i - r e s t r i c t e d  o p e n i n g s  w i t h i n  w h i c h  t h e  
sa l t  water from t h e  sea is  d i l u t e d  b y  f r e s h w a t e r  f r o m  l a n d  d r a i n a g e  ( r e f .  1). 
Such  sys t ems ,  e spec ia l ly  l a rge  ones ,  behave  l i ke  semi -enc losed  b rack i sh  water 
r e s e r v o i r s  a n d  h a v e  p h y s i c a l ,  c h e m i c a l ,  g e o l o g i c a l ,  a n d  b i o l o g i c a l  f e a t u r e s  
d i f f e r e n t  f rom those  of  the  ocean  in to  which  they  open  and  f low and  f rom the  
f r e shwa te r  streams which  empty i n t o  them.  Generally  speaking,  uncontaminated 
e s t u a r i e s  a r e  e x t r e m e l y  f e r t i l e ,  p r o d u c i n g  l a r g e  q u a n t i t i e s  o f  animal and 
p l a n t  materials ( i . e .   t o t a l   b i o m a s s )   e a c h   b i o l o g i c a l   y e a r .   C o n s e q u e n t l y ,   t h e y  
a re  si tes of  many h igh ly  p roduc t ive  and  va luab le  in shore  f i she r i e s  and  the  
spawning  areas  or  nursery  grounds  of  many s p e c i e s  o f  f i n f i s h  w h i c h  r a n g e  t h e  
waters o f   t h e   c o n t i n e n t a l   s h e l v e s   o f   t h e   E a r t h ' s   o c e a n s .  They a l s o  s h e l t e r  
many p l a n t s  a n d  i n v e r t e b r a t e s  o f  e c o l o g i c a l  o r  e c o n o m i c  s i g n i f i c a n c e .  
The s h e l t e r e d  waters a n d  e x t e n s i v e  t i d a l  s h o r e l i n e s  o f  e s t u a r i e s  a l s o  
p r o v i d e  p o r t s ,  i n d u s t r i a l  a n d  r e s i d e n t i a l  s i tes ,  r e c r e a t i o n a l  o p p o r t u n i t i e s ,  
and t o u r i s t   a t t r a c t i o n s .   B e c a u s e   o f   t h e s e   a t t r a c t i o n s  a n d   a m e n i t i e s ,   e s t u a r i n e  
s h o r e l i n e s  a re  u s u a l l y  t h e  f i r s t  p l a c e s  t o  b e  p o p u l a t e d  when c o u n t r i e s  are 
colonized from the sea o r  when a g r i c u l t u r a l  and  economic  development  occurs, 
and  they  grow  rapidly.   Urban  and  industr ia l   development   in   such  areas  i s  
common. Consequent ly   mul t ip le -use   p roblems  involv ing   conf l ic t  among t h e  
many u s e r s  are  common i n  h e a v i l y  p o p u l a t e d  a r e a s  a n d  t h e y  i n e v i t a b l y  i n c r e a s e  
as  popu la t ions  grow.   During  per iods  of   growing  internat ional   commerce,  
e s t u a r i n e  s h o r e l i n e s  o f t e n  e x p e r i e n c e  e x p l o s i v e  g r o w t h  a n d  u t i l i z a t i o n  a n d  
n a t u r a l  o r  t r a d i t i o n a l  u s e s  are  "pinched"  even  fur ther .  
I n , t h e  U n i t e d  S t a t e s ,  a look  a t  t h e  m a j o r  p o p u l a t i o n  c e n t e r s  of t h e  East, 
Gulf,   and West c o a s t s   d e m o n s t r a t e s   t h e   a c c u r a c y   o f   t h e s e   s t a t e m e n t s .  Some 
examples  inc lude  Bos ton  on  the  Char l e s  e s tua ry ,  New York Ci ty  on  the  Hudson,  
Ph i l ade lph ia ,  Ches t e r  and  Wi lming ton  on  the  De laware ,  t he  p r inc ipa l  u rban  
areas  of  Bal t imore,  Washington,  Richmond-Hopewell  and t h e  Hampton  Roads 
complex i n  t h e  Chesapeake Bay r e g i o n ,  C h a r l e s t o n  o n  t h e  e s t u a r i n e  p o r t i o n s  
of  the  Ashly  and  Cooper  Rivers  and  the i r  conf luence ,  New Or l eans  on  the  
Miss i s s ipp i ,  Corpus  Chr i s t i  and  San  F ranc i sco  on  the  bays  o f  t he  same names, 
and t h i s  s i t u a t i o n  a p p l i e s  t h e  w o r l d  o v e r .  
. and  the  Seattle-Tacoma  complex  on  Puget  Sound. Many more   could   be   c i ted ,  
Because  of  the i r  soc ia l  and  economic  impor tance  and  assoc ia ted  mul t ip le -  
use  development  and  management  problems, as  w e l l  as t h e i r  i n t e r n a l  p h y s i c a i ,  
g e o l o g i c a l ,  c h e m i c a l ,  a n d  b i o l o g i c a l  c o m p l e x i t i e s ,  e s t u a r i e s  h a v e  become t h e  
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o b j e c t s  o f  much s c i e n t i f i c  s t u d y  a n d  t e c h n o l o g i c a l  a d v a n c e m e n t  o v e r  t h e  l as t  
t h i r t y  y e a r s  i n  t h e  U n i t e d  S t a t e s  a n d  many o t h e r  c o u n t r i e s .  
The  Chesapeake  Bay, t h e  l a r g e s t  e s t u a r y  i n  t h e  U n i t e d  S t a t e s ,  e x e m p l i -  
f i e s  t h i s  l a s t  p o i n t .  A t  p r e s e n t  a l a r g e  a r r a y ,  p r o b a b l y  t h e  l a r g e s t  on any 
similar body o f  water i n  t h e  w o r l d ,  o f  s c i e n t i f i c  a n d  t e c h n o l o g i c a l  s p e c i a l i s t s  
and i n s t i t u t i o n s  i s  engaged i n  i n v e s t i g a t i o n  o f  i t s  n a t u r a l  a n d  s o c i a l l y -  
r e l a t e d  phenomena  and  problems,  and a g r e a t  d e a l  h a s  b e e n  d i s c o v e r e d  i n  t h e  
las t  three   decades .   For   example ,   the   Chesapeake  Bay Bib l iog raphy  series ( r e f s .  
2 t o  6)  c o n t a i n s  o v e r  6610 e n t r i e s .  
Desp i t e  t he  e f fo r t s  and  the  knowledge  deve loped  by  r ecen t  and  ex tan t  
s c i e n t i s t s  a n d  i n s t i t u t i o n s  a n d  t h e i r  p r e d e c e s s o r s ,  much o f  s c i e n t i f i c ,  t e c h -  
n o l o g i c a l ,   a n d   m a n a g e r i a l   i m p o r t a n c e   r e m a i n s   t o   b e   l e a r n e d .  It i s  n o t  y e t  
p o s s i b l e  t o  a n s w e r  many o f  t h e  c r i t i c a l  q u e s t i o n s  w h i c h  w o u l d  a l l o w  d e t e r -  
mina t ion  of  cause  and  ef fec t  o r  pred ic t ion  and  management .  
A number  of  reasons  account  for  our  cont inuing  re la t ive ignorance  o f  
c e r t a i n   i m p o r t a n t   f e a t u r e s .   E s t u a r i e s  a r e  naturally  complex  and  dynamic,   sub- 
j e c t  t o  c h a n g e s  o f  g r e a t  m a g n i t u d e ,  v i o l e n c e ,  a n d  s u d d e n n e s s  i n  t h e  c a t a -  
s t r o p h i c   e v e n t s   e x p e r i e n c e d .  They are a l s o  s u b j e c t  t o  t h e  lesser, b u t  s t i l l  
s i g n i f i c a n t ,  f l u c t u a t i o n s  w h i c h  o c c u r  o v e r  l o n g  p e r i o d s  o f  t i m e ,  such as d ry  
y e a r s ,  w e t  y e a r s ,  a n d  y e a r s  o f  a v e r a g e  a n n u a l  r a i n f a l l ,  a s  w e l l  as t o  t h e  
smaller bu t  more  f r equen t  da i ly ,  mon th ly ,  and  seasona l  changes .  
Not o n l y  h a s  n a t u r e  made c e r t a i n  e s t u a r i e s  e s p e c i a l l y  l a r g e  a n d / o r  
complex ,   dynamic ,   compl ica ted ,   and   ex t remely   d i f f icu l t   to   g rasp ,   unders tand ,  
and  manipula te ,  bu t  soc ie ty  has  super imposed  i t s  own complicating and dynamic 
e f f e c t s ,  a l l  o f  w h i c h  make t h e  t a s k  o f  u n d e r s t a n d i n g  a n d  c o n t r o l l i n g  e s t u a r i n e  
envi ronments   and   resources   even   more   d i f f icu l t .  A t  times i t  may seem impos- 
s i b l e  t o  d e v e l o p  a d e q u a t e  u n d e r s t a n d i n g s  of s u c h  n a t u r a l  s y s t e m s  u s i n g  t r a d i -  
t i o n a l  means  of f i e l d  s a m p l i n g  ( o r  l a b o r a t o r y  o b s e r v a t i o n ) ,  a n a l y s i s ,  a n d  
d e d u c t i o n  o r  i n d u c t i o n  w h i c h  h a v e  s t o o d  t h e  s c i e n t i f i c  m e t h o d  i n  s u c h  good 
s t e a d  o v e r  t h e  y e a r s  o f  r e c o r d e d  human h i s t o r y .  Only i n  r e c e n t  y e a r s  h a v e  
techniques   o f   sampl ing   and   ana lys i s ,   e .g .   au tomated   samples ,   ins t rumented  
buoys ,   h igh - speed   compute r s ,   s ens i t i ve   mic ro -ana ly t i ca l   t echn iques ,   hydrau l i c  
mode l s ,  w ide -a rea  r emote  sens ing ,  and  accu ra t e  nav iga t ion  and  pos i t i on ing  
developed   the  power  and  scope to  g ive  encouragemen t  tha t  such  sys t ems  may 
soon be b e t t e r  understood.  
For some y e a r s ,  s c i e n c e  a d m i n i s t r a t o r s  a n d  s c i e n t i s t s  i n t e r e s t e d  i n  
unders tanding  la rge  sys tems l ike  the  Chesapeake  have  dreamed of  be ing  ab le  to  
plan and mount l a r g e - s c a l e  m u l t i - d i s c i p l i n a r y  f i e l d  a n d  l a b o r a t o r y  e f f o r t s  
d e s i g n e d   t o   g a t h e r ,   a n a l y z e ,   a n d   s y n t h e s i z e   b i o l o g i c a l ,   c h e m i c a l ,   g e o l o g i c a l ,  
physical ,  and even socio-economic data  taken a t  t h e  same t i m e  ( o r  n e a r l y  s o )  
o v e r  t h e  e n t i r e  l e n g t h  a n d  b r e a d t h  o f  t h e  Bay, o r  l a r g e  s e g m e n t s  o f  i t .  They 
have  a l so  wished  to  unders tand  the  in te rac t ions  be tween the  Chesapeake  and  
i t s  t r i b u t a r i e s ,  e s p e c i a l l y  t h e  p r i n c i p a l  o n e s ,  a n d  t h o s e  b e t w e e n  t h e  Bay and 
t h e  a d j a c e n t  waters o f   t he   A t l an t i c .   Comprehens ive   synop t i c   and   s imul t aneous  
s t u d . i e s  o f  t h e  p a s s a g e  o r  f l u x  o f  e n e r g y ,  c h e m i c a l s ,  b i o l o g i c a l  e n t i t i e s ,  
t u r b i d i t y ,  a n d  o t h e r  f a c t o r s  i n t o ,  t h r o u g h ,  a n d  o u t  o f  t h e  e s t u a r i n e  s y s t e m  
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have  been  par t icu lar  dreams.  The goa l  has  been  to  deve lop  a comprehensive 
u n d e r s t a n d i n g  i n  s u f f i c i e n t  d e t a i l  t o  e n a b l e  a c c u r a t e  e x p l a n a t i o n ,  p r e c i s e  
p red ic t ion  and ,  hope fu l ly ,  wiser use  and  manipula t ion .  
The Chesapeake Bay d r a i n s  l a r g e  e x p a n s e s  o f  f o u r  states - New York, 
Pennsylvania ,  Maryland and Virginia  - and lesser p o r t i o n s  o f  West V i r g i n i a  
and Delaware ( f i g .  1). Pr inc ipa l   in f low  f rom  the   Susquehanna   sys tem  provides  
approximate ly  50% of a l l  t h e  f r e s h  water en te r ing  the  sys t em.  The  
rest is  provided by the Potomac (18%) and the James (14X) ,  wi th  the  remain ing  
(18%)  coming  from a l l  of  t h e  o t h e r  rivers of  t h e  e a s t e r n  s h o r e s  ( f i g .  1). 
The Bay is 156 n. m i .  long and 25.6 n.  m i .  wide a t  i t s  widest and encompasses 
11.5 x l o 9  m2 (2  841  650  ac res )  o f  su r f ace  area w i t h  a volume of 74  x l o 9  m 3  
(11 .6   cubic   mi les )  of water. Though i t s  d e e p e s t  s p o t s  i n  t h e  n a t u r a l  c h a n n e l s  
a r e  q u i t e  d e e p  ( i . e .  53 m ( 1 7 5  f t ) )  i t  is e s s e n t i a l l y  a sha l low  body  of  water, 
ave rag ing   abou t  8 m (27 f t )  i n  d e p t h  i n  i t s  main   body.   Inc luding   the   t r ibu-  
tar ies ,  i t  ave rages  6 m ( 2 1  f t )  i n  d e p t h  ( r e f .  7 ) .  Its sha l lowness   r ende r s  
i t  s u b j e c t  t o  v i o l e n t  s t i r r i n g s  b y  w i n d .  Its w a t e r s  are f r e q u e n t l y  q u i t e  
t u r b i d  as a consequence  of  wind  ac t ion ,  river f low,  and runoff .  Normally 
t h e  t i d e  r a n g e s  a b o u t  1 m ( 3  f t )  .- 
Like  a l l  g r e a t  e s t u a r i e s  w i t h  a l a rge  bu t  va ry ing  vo lume  o f  f r e shwa te r  
i n f l o w ,  t h e  , C h e s a p e a k e  e x p e r i e n c e s  w i d e  f l u c t u a t i o n s  i n  i t s  phys ica l  and  
chemica l  parameters ,  which  vary  cons iderably  a t  a n y  o n e  s p o t  i n  t h e  water 
column.  They a l s o  f l u c t u a t e  u p  a n d  down t h e  Bay and  between  day  and  night,  
as wel l  a s  s e a s o n a l l y  a n d  a n n u a l l y  o n  a r e g u l a r  o r  s o m e t i m e s  i r r e g u l a r  b a s i s  
( r e f s .  8 t o  1 1 ) .  
F l u c t u a t i o n s  i n  s a l i n i t y  are e s p e c i a l l y  s i g n i f i c a n t  i n d i c a t o r s  o f  s u c h  
v a r i a b i l i t y  and i t s  impor tance .   F igures  2 ,  3 ,  and 4 ,  d e p i c t i n g  s a l i n i t y  a t  
spec i f i c   l oca t ions   and   dep ths   and   by   yea r s ,  show t h i s  q u i t e  c l e a r l y .  F o r  
example,   f igures  2 and 3 compare s a l i n i t i e s  i n  s e v e r a l  d i f f e r e n t  y e a r s  a t  
c o m p a r a b l e   l o c a t i o n s   i n   t h e  James and  York e s t u a r i e s .   D u r i n g   p e r i o d s   o f  
d r o u g h t  o v e r  t h e  d r a i n a g e  b a s i n ,  h i g h e r  s a l i n i t y  r a n g e s  f a r  up t h e s e  t i d a l  
t r i b u t a r i e s .   D u r i n g   t h e   e x t r e m e l y   d r y   p e r i o d  of the  mid-1960's i t  moved sode 
21.7  n. m i .  i n l a n d ,  up t h e  t i d a l  James, r each ing   t o   t he   c i ty   o f   Hopewe l l   and  
t h r e a t e n i n g   m u n i c i p a l   a n d   i n d u s t r i a l   w a t e r  s u p p l i e s  ( f i g .  4 ) .  Figure  4 a l s o  
shows t h a t  t h e  d i s t r i b u t i o n  o f  t h e  m a l e  and   female   b lue   c rabs   (Cal l inec tes -  
t h e   f e m a l e s   r e m a i n i n g   i n   h i g h e r   s a l i n i t y   w a t e r s .   S u c h   s a l i n i t y - r e l a t e d  
d e s t r u c t i o n s  a f f e c t  a number of  economica l ly  and  ecologica l ly  impor tan t  es tuar -  
i n e   s p e c i e s .   S i m i l a r   c h a n g e s   o c c u r r e d  i n  the  main stem o f  t h e  Bay p r o p e r ,  a s  
shown i n  f i g u r e  5 w h i c h  d e p i c t s  s a l i n i t i e s  during  normal  (1968)  and w e t  (1972) 
y e a r s  a t  the  su r face  and  bo t tom a t  t h e  same s t a t i o n s .  
- sag idus )  was a f f e c t e d  s i n c e  t h e r e  is some s o r t i n g  by s e x  o f  t h a t  s p e c i e s  w i t h  
. 
The  extremely w e t  y e a r s   o c c u r r e d  when  two t r o p i c a l   s t o r m s  ( i . e .  former 
Gul f  coas t  hur r icanes) ,  C a m i l l e  (August  1969)  and Agnes (June 1972) ,  vis i ted 
t h e   b a s i n .   T h e s e   e p i s o d e s   g e n e r a l l y   c a u s e d  marked r e d u c t i o n s  i n  s a l i n i t i e s  
t h roughou t  t he  Bay ,  bu t  t he  r e sponses  were complex  and s c i e n t i f i c a l l y  i n t e r -  
e s t i n g  ( r e f .  1 2 ) .  An immediate   af termath  of   Agnes was l a r g e - s c a l e   f r e s h w a t e r  
m o r t a l i t i e s  o v e r  t h e  v u l n e r a b l e  l o w - s a l i n i t y  u p s t r e a m  o y s t e r b e d s  o f  t h e  b a s i n .  
A l o n g - t e r m  e f f e c t  o f  t h e s e  s a l i n i t y  c h a n g e s  was a marked r e d u c t i o n  i n  t h e  
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abundance  of  the  two o y s t e r - e a t i n g  s n a i l s ,  U r o s a l p i n x  c i n e r e a  a n d  E u p l e u r a  
caudata ,   and a number o f  m o r t a l i t y - c a u s i n g  o y s t e r  d i s e a s e  o r g a n i s m s .  Thus, 
l o n g - t e r m  r e c o v e r y  a n d  s u r v i v a l  o f  o y s t e r  p o p u l a t i o n s  o n  h i g h e r - s a l i n i t y  b e d s  
have been much b e t t e r  t h a n  f o r m e r l y  s i n c e  Agnes v i s i t e d  t h e  area i n  1 9 7 2 ,  
a t  least u n t i l  1980-81 when two d r y  y e a r s  b e g a n  t o  a l l o w  s a l i n i t i e s  i n  t h o s e  
same p l a c e s  t o  i n c r e a s e .  
The Agnes episode a l s o  p r o v i d e d  s c i e n t i s t s  w i t h  a n  o p p o r t u n i t y  t o  i n v e s t i -  
g a t e  f o r  t h e  f i r s t  time t h e  d e t a i l s  o f  t h e  e f f e c t s  o f  s u c h  Bay-wide ca t a s t roph-  
i c  e v e n t s .  An e n t i r e  v o l u m e  r e s u l t e d  f r o m  t h e  m u l t i - i n s t i t u t i o n a l ,  m u l t i -  
d i s c i p l i n a r y   i n v e s t i g a t i o n s   t h a t   t o o k   p l a c e   ( r e f .  1 2 ) .  Agnes   no t   on ly   a f fec ted  
t h e  C h e s a p e a k e  b u t  a l s o  p r o d u c e d  l o w  s a l i n i t i e s  f a r  o u t  o v e r  t h e  s h e l f  waters 
around the mouth of the Chesapeake, mostly northward, as shown i n  f i g u r e s  6 
and 7 ( r e f .   1 2 ) .  
Many o t h e r   i m p o r t a n t   f e a t u r e s   o f   t h e  Bay a l so   vary .   For   example ,   the  
c u r r e n t s  a t  a n y  o n e  s p o t  i n  t h e  s y s t e m  a l s o  v a r y  d a i l y  a n d  s e a s o n a l l y  a n d ,  a t  
times, annually.  The  amount of f r e s h  water e n t e r i n g  the system at any  one 
time, i n  r e l a t i o n  t o  t h e  sa l t  water f r o m  t h e  o c e a n ,  i n f l u e n c e s  n o t  o n l y  s a l i n i -  
t y   ( e s p e c i a l l y )   a n d   t e m p e r a t u r e   b u t   c u r r e n t s  as w e l l .  Other p h y s i c a l   f e a t u r e s  
such as t u r b i d i t y  ( d u e  t o  s e d i m e n t - l a d e n  l a n d  r u n o f f  f r o m  a b o v e  a n d  b e l o w  t h e  
f a l l  l i n e ,  p l a n k t o n  p r o d u c t i v i t y ,  a n d  r e s u s p e n s i o n  o f  p a r t i c u l a t e s  f r o m  t h e  
b o t t o m ) ,  c o l o r ,  a n d  t r a n s p a r e n c y  a r e  a l s o  a f f e c t e d  b y  f r e s h w a t e r  i n f l o w  f r o m  
c o n t r i b u t i n g  streams and  f rom  ad jacent   h ighland   and   lowland   a reas .   Es tuar ine  
chemis t ry  is l i k e w i s e  a f f e c t e d  by r a i n f a l l ,  t e m p e r a t u r e ,  s e d i m e n t  i n f l u x  a n d  
r e s u s p e n s i o n ,  b i o l o g i c a l  p r o c e s s e s ,  a n d  o t h e r  f a c t o r s ,  i n c l u d i n g  t h e  c h e m i c a l  
c o n t r i b u t i o n s  f r o m  s o c i e t y ' s  many i n d u s t r i a l  , d o m e s t i c ,  a n d  a g r i c u l t u r a l  
a c t i v i t i e s .   A d d i t i o n a l l y ,   c h e m i c a l   o x y g e n  demand (COD), b io log ica l   oxygen  
demand (BOD), n u t r i e n t s ,  t r a c e  metals, many t o x i c a n t s ,  a n d  many o the r  chemica l s  
and  chemica l ly- re la ted  phenomena are  in f luenced  by  r a in fa l l  and  runof f  and  
in j ec t ions  f rom po in t - sou rce  o r  non-po in t - sou rce  d i scha rges .  
B i o l o g i c a l  s y s t e m s  w i t h i n  t h e  e s t u a r y  a r e  i n f l u e n c e d  d i r e c t l y ,  i n d i r e c t l y ,  
a n d  i n t e r - r e a c t i v e l y  by a l l  t h e  p h y s i c a l ,  c h e m i c a l ,  a n d  g e o l o g i c a l  f a c t o r s  
ment ioned   above .   Hence ,   b io logica l   p roduct iv i ty  may b e  a f f e c t e d  f a v o r a b l y  o r  
a d v e r s e l y  b y  c h a n g i n g  n u t r i e n t  l e v e l s  a n d  t y p e s  o r  by t o x i c a n t s  ( u s u a l l y  
a d v e r s e l y ) ,   s a l i n i t y ,  t e m p e r a t u r e ,  t u r b i d i t y ,   t r a n s p a r e n c y ,  and o t h e r   f a c t o r s .  
A s  i n d i c a t e d  a b o v e ,  s a l i n i t y  i s  i m p o r t a n t  t o  e s t u a r i n e  b i o l o g i c a l  sys t ems  
s i n c e  many s p e c i e s  are t h e m s e l v e s  d i r e c t l y  s a l i n i t y - d e p e n d e n t  o r  s a l i n i t y -  
l i m i t e d .  Most are i n d i r e c t l y  a f f e c t e d  as w e l l ;  f o r   e x a m p l e ,   t h e   s e v e r a l  
pa thogens  and  p reda to r s  ( i . e .  MSX, Dermocys t id ium,  and  o the r  d i seases ,  and  the  
o y s t e r  d r i l l s  U r o s a l p i n x  c i n e r e a  a n d  E u p l e u r a  c a u d a t a  w h i c h  damage o y s t e r s )  
may b e  a l l o w e d  ( o r  c a u s e d )  t o  i n v a d e  o y s t e r  b e d s  p r e v i o u s l y  p r o t e c t e d  by low 
sal ini t ies  when d r o u g h t  c a u s e s  a n  i n c r e a s e  i n  t h e  s a l i n i t y  l e v e l s  i n  t h e  
waters o v e r   t h o s e   b e d s .   C o n v e r s e l y ,   e x t r e m e l y   l o w   s a l i n i t i e s   c a u s e d  by a 
s u r f e i t  o f  f r e s h w a t e r  i n f l o w  c a n  k i l l  o y s t e r s  i n  t h o s e  same previously pro-  
d u c t i v e  b e d s .  Many similar f l u c t u a t i o n s  c a n  o c c u r  i n  t h e  p o p u l a t i o n s  of o t h e r  
changeab le  spec ie s  o f  eco log ica l  and  economic  s ign i f i cance .  
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S c i e n t i s t s  h a v e  l o n g  b e e n  i n t e r e s t e d  i n  t h e  p h y s i c a l ,  c h e m i c a l ,  g e o l o g i -  
c a l ,  and b io log ica l  i n t e rac t ions  be tween  the  Chesapeake  Bay and  the 'wa te r s  o f  
t h e  n e a r b y  l i t t o r a l  a n d  s h e l f  r e g i o n s .  The i n t e g r i t y  a n d  p r o d u c t i v i t y  o f  
t h e  Bay is  c lose ly  dependen t  upon t h e  A t l a n t i c  waters w h i c h  e n t e r  w i t h i n  t h e  
approximately  15.6-n.-mi.-wide  mouth  between  Cape  Henry  and  Cape  Charles.  The 
tremendous volume o f  s a l t y  o c e a n  water (about  32 par t s  pe r  t housand  o f  salts 
a t  t h e  Bay m o u t h )  o b v i o u s l y  i n f l u e n c e s  s a l i n i t i e s  f a r  i n t o  t h e  Bay,  and water- 
bo rne  ocean  sed imen t s ,  an ima l s ,  and  p l an t s  p l ay  a s t r o n g  r o l e  i n  p r o d u c t i v i t y  
of   the   sys tem.   Converse ly ,   the   coas ta l   and   nearby   she l f  waters o f  t h e  Chesa- 
peake Bight  of  the Mid-Atlant ic  Bight  a r e  known t o  b e  g r e a t l y  i n f l u e n c e d  by 
f r e s h  water from  the  nearby  Chesapeake  and Delaware Bays. It rema ins  to  be  
determined how  much in f luence  each  sys t em has  on  the  o the r ,  how f a r  t h e s e  
in t e rac t ing  in f luences  ex tend  sou thward  ( a round  Cape Hatteras i n t o  t h e  
Carol inas)  and northward (off  of  Maryland,  Delaware, and New Je r sey ) ,  wha t  
t h e i r  s e a w a r d  d i s t r i b u t i o n  i s ,  how they  change ,  and  what  in f luence  the  
e s tua r ine -gene ra t ed  water, s e d i m e n t s ,   d e t r i t u s ,   c o n t a m i n a n t s ,   a n d   b i o l o g i c a l  
sys tems have  on  coas ta l  and  she l f  waters. 
To understand such complex and dynamic systems and answer the quest ions 
invo lved  in  deve lop ing  such  unde r s t and ing  invo lves  l a rge - sca l e ,  mu l t i -  
d i s c i p l i n a r y   f i e l d   a n d   l a b o r a t o r y   r e s e a r c h   e f f o r t s .  It  a l s o   i n v o l v e s   c a r r y i n g  
o u t  s u c h  s t u d i e s  o v e r  l o n g  p e r i o d s  o f  time because  many n a t u r a l  phenomena 
e x h i b i t  n o t  o n l y  s h o r t - p e r i o d  b u t  l o n g - p e r i o d  v a r i a b i l i t y  a n d  s t u d i e s  m u s t  b e  
o f   s u f f i c i e n t   d u r a t i o n   a n d   e x t e n t   t o   c o v e r   s u c h   p e r i o d i c i t i e s .   F o r   e x a m p l e ,  
one  must  cover  normal  or  average  per iods  as w e l l  as abnormal  or  extreme 
pe r iods  in  o rde r  t o  unde r s t and  the  ups  and  downs of  f i s h e r y  p o p u l a t i o n s ,  s i n c e  
popu la t ion  l eve l s  can  be  marked ly  in f luenced  by ex t r emes  in  phys i ca l ,  chemica l ,  
o r  e v e n  b i o l o g i c a l  a s p e c t s  o f  t h e i r  h a b i t a t s .  
I n  1979 s c i e n t i s t s  and  employees  from a number o f  s c i e n t i f i c  i n s t i t u t i o n s  
j o i n e d  i n  a m u l t i - i n s t i t u t i o n a l ,  m u l t i - d i s c i p l i n a r y  s t u d y  o f  t h e  l o w e r  C h e s a -  
peake Bay a n d   a d j a c e n t   c o a s t a l   a n d   s h e l f  waters. The p r o j e c t ,   c a l l e d   S u p e r -  
f l u x ,  t h e  f i e l d  p h a s e s  o f  w h i c h  w e r e  c a r r i e d  o u t  d u r i n g  t h e  p e r i o d  f r o m  
March to  October  of  1980, involved  personnel  f rom the  Nat iona l  Aeronaut ics  and  
Space  Adminis t ra t ion ' s  Langley  Research  Center  and  Wal lops  F l igh t  Center ;  the  
V i r g i n i a  I n s t i t u t e  o f  M a r i n e  S c i e n c e  (VIMS); Chesapeake Bay I n s t i t u t e  o f  t h e  
Johns  Hopkins  Univers i ty ;  the  Nat iona l  Mar ine  F isher ies  Serv ice  o f  the Nat ion-  
a l  Oceanic and Atmospheric Administration ( N O M ) ,  N o r t h e a s t  F i s h e r i e s  C e n t e r ;  
N O M ' S  Nat ional  Ocean Survey and Atlant ic  Marine Center ;  Research Triangle  
I n s t i t u t e ;  t h e  C o l l e g e  o f  M a r i n e  S t u d i e s  o f  t h e  U n i v e r s i t y  o f  Delaware; Old 
Dominion U n i v e r s i t y ;  t h e  U.S. Navy (Oceana  Naval A i r  Base, L i t t l e  Creek 
Amphibious Base, and  the  Naval  Academy);  the  Environmental   Protection  Agency; 
t h e  U.S. Coast  Guard; Anne Arundel Community College; the Department of Natur- 
a l  Resources o f  t he  S ta t e  o f  P l a ry l and ;  and  the  Un ive r s i ty  o f  M i a m i .  
A s  f r e q u e n t l y  h a p p e n s  i n  s c i e n t i f i c  r e s e a r c h ,  u n f o r e s e e n  e v e n t s  c o n s p i r e d  
t o  make S u p e r f l u x  o f  s p e c i a l  i n t e r e s t .  A severe drought  (which  markedly 
r e d u c e d  r a i n f a l l  a n d  h e n c e  r i v e r  f l o w )  o v e r  t h e  e n t i r e .  East C o a s t  t h r o t t l e d  
t h e  o u t f l o w  o f  t h e  m a j o r  t r i b u t a r i e s  e n t e r i n g  t h e  M i d - A t l a n t i c  B i g h t .  F o r  
example ,  r a in fa l l  d ropped  to  ex t r eme ly  low l eve l s  and  r ive r f low in to  the  
Chesapeake w a s  reduced  to  the  lowes t  s ince  1966-67 ,  when t h e  s a l t  water 
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i n t r u s i o n  z o n e  moved ups t ream some 21.7 n .  m i .  i n t o  t h e  James a n d  o t h e r  
t r i b u t a r i e s .  T h a t  t h i s  u n u s u a l  n a t u r a l  e v e n t  s h o u l d  o c c u r  a t  a time when 
s c i e n t i f i c  f o r c e s  were m a r s h a l l e d  a n d  a c t i v e  i n  t h e  t h r e e  s e g m e n t s  o f  S u p e r -  
f l u x  w a s  e s p e c i a l l y  n o t a b l e .  
The s e v e r i t y  o f  t h e  d r o u g h t  w h i c h  o c c u r r e d  d u r i n g  t h e  S u p e r f l u x  e x p e r i -  
men t s  o f f e red  an  unusua l  oppor tun i ty  to  obse rve  r a in fa l l -dependen t  phenomena 
Bay-wide  and i n  s y n o p t i c  f a s h i o n  d u r i n g  a n  e x t r e m e  c o n d i t i o n .  I n  t h i s  s e n s e ,  
the measurements made d u r i n g  S u p e r f l u x  w i l l  s e r v e  as a benchmark f o r  f u t u r e  
m o n i t o r i n g   o f   t h i s  area. The r e s u l t s   o f   t h e s e   e x p e r i m e n t s   d e m o n s t r a t e d   t h e  
in f luence  o f  ex t r eme  low- f low cond i t ions  on  the  mouth of  the Chesapeake and 
t h e  n e a r b y  A t l a n t i c  u s i n g  r e m o t e  s e n s i n g  t e c h n i q u e s  a n d  sea t r u t h  o b s e r v a t i o n s  
during per iods of  high and normal  f low.  
The Superf lux experiments  were a l s o  marked  by a n o t a b l e  d e g r e e  o f  i n t e r -  
d i s c i p l i n a r y  s c i e n t i f i c  a n d  t e c h n i c a l  c o o r d i n a t i o n ,  f r o m  d a t a  c o l l e c t i o n  a l l  
t h e  way t o   a n a l y s i s   a n d   i n t e r p r e t a t i o n .  Several times i n  t h e  p a s t ,  s c i e n t i s t s  
h a v e  a t t e m p t e d  t o  p l a n  a n d  c a r r y  o u t  l a r g e - s c a l e  s e a  t r u t h  o b s e r v a t i o n s  t o  
compare them with the observat ions made by  remote  sens ing  ins t ruments .  
Attempts  have been made t o  c o r r e l a t e  s u r f a c e  a n d  s u b s u r f a c e  o c e a n o g r a p h i c  
measu remen t s  w i th  r emote - sens ing  passes  f rom low;  in t e rmed ia t e ,  and  h igh  a l t i -  
t udes  as w e l l  as sa te l l i t e  o v e r f l i g h t s .   S u p e r f l u x   m a r k s   t h e   m o s t   s u c c e s s f u l  
e f f o r t  t o  d a t e  i n  b r i n g i n g  a b o u t  s u c h  a coord ina ted  e f fo r t  be tween  mar ine  
s c i e n t i s t s  an.d r e m o t e  s e n s i n g  s c i e n t i s t s .  
Fu tu re  e f fo r t s  i n  ocean  r e sea rch  and  deve lopmen t  shou ld  devo te  h igh  
p r i o r i t y  t o  l a r g e - s c a l e ,  m u l t i - d i s c i p l i n a r y  e x a m i n a t i o n s  o f  e s t u a r i n e ,  c o a s t a l ,  
and   nea r - shore   ocean ic   r eg ions .  Much r e m a i n s  t o  b e  l e a r n e d  i n  o r d e r  t o  a l l o w  
proper   sc ien t i f ic   unders tanding ,   p red ic t ion   and   management .  Remote s e n s i n g  
t echn iques  shou ld  aga in  be  pa i r ed  wi th  l a rge - sca l e ,  synop t i c  obse rva t ions  
o f  t h e  s e v e r a l  i m p o r t a n t  n a t u r a l  a n d  e c o n o m i c a l l y -  a n d  s o c i a l l y - r e l a t e d  
phenomena t o  d e v e l o p  new unde r s t and ings  and  p red ic t ive  mode l s  o f  e s tua r ine  
and c o a s t a l  waters i n  o r d e r  t o  e n a b l e  r e a s o n a b l e  s e l e c t i o n s  a n d  s o u n d  manage- 
ment  and  economic  decisions.  Science  and  economics w i l l  b o t h   b e   s e r v e d  by 
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Figure 1.- Chesapeake Bay drainage basin showing sub-basins  and approx- . 
imate freshwater contribution by major tributaries. 
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F i g u r e  2.- S u r f a c e  water s a l i n i t y  o f  t h e  James Rive r  by river mile 
d u r i n g  p e r i o d s  of h i g h  r a i n f a l l  ( 1 9 7 2 ,  t r o p i c a l  s t o r m  A g n e s ) ,  n o r -  
m a l  ra infa l l   ( Ju ly   1968) ,   and   drought   (1965,   1974,   and   1980-1981) .  
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F i g u r e  3 . -  S u r f a c e  water s a l i n i t y  of the  York  River by river mile 
d u r i n g  p e r i o d s  of h i g h  r a i n f a l l  ( 1 9 7 2 ,  t r o p i c a l  s t o r m  A g n e s ) ,  n o r -  
m a l  r a i n f a l l  ( J u l y  1 9 6 8 ) ,  and  drought  (1965,  1974,  and  1980-1981). 
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Figure 4.- Influence of drought (1965) and high rainfall (tropical 
storm Camille, August 1969) on the sal inity transit ion zone and  on 
the ratio of male to  female blue crabs i n  the James River. 
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F i g u r e  5 . -  D i s t r i b u t i o n  of s a l i n i t y  i n  p a r t s  p e r  t h o u s a n d  ( /oo) a t  t h e  
same l o c a t i o n s  i n  t h e  C h e s a p e a k e  Bay dur ing  Ju ly ,  1968  ( ave rage  to  be low-  
a v e r a g e  r a i n f a l l  p e r i o d )  a n d  J u l y  1 9 7 2  ( h i g h  r a i n f a l l  p e r i o d ,  t r o p i c a l  
0 
storm  Agnes) . 
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Figure 6 . -  Sur face  sa l in i t i e s  in  the  lower Chesapeake Bay one week 
(June 29 to  July  3 ,  1972) after passage of tropical storm Agnes 
through the region (June 21 and 22,  1972) (from ref. 12) .  
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Figure  7.- S u r f a c e  s a l i n i t i e s  i n  t h e  l o w e r  C h e s a p e a k e  Bay two  weeks 
( Ju ly  10 -14 ,  1972)  a f t e r  pas sage  of t r o p i c a l  s t o r m  Agnes through the 
Chesapeake Bay region  (June  21  and  22,   1972)   ( f rom ref.  1 2 ) .  
1 4  
